This study examines the links between students' families and science achievement across many countries. Science tests and questionnaire responses of 107,834 fifteen-year-olds in 41 countries were analyzed with multilevel analyses. Students had higher science scores if they were native born, lived with two parents, lived without grandparents, lived with fewer siblings (especially older ones), had more educational resources, had more family involvement, lived in wealthier countries, or lived in countries with more equal distributions of household income. In wealthier countries, family involvement, blended families, and number of siblings showed stronger links to science scores. Science achievement was more strongly linked to family socioeconomic status (SES) and educational resources in more egalitarian cultures and to single parents, family SES, resident grandparents, and birth order in more individualistic cultures. Hence, family constructs were linked to academic achievement in all 41 countries, and the links were stronger in more economically and culturally developed countries.
Past studies have linked family constructs and academic achievement. Children tend to have higher achievement when they have more parents, higher family socioeconomic status (SES), more educational resources, or more family involvement (Entwisle & Alexander, 1995) . Whether these links differ across countries (richer vs. poorer, degree of household income inequality, various cultural values) have remained open questions. Hence, this study examines these issues in the context of science achievement. After summarizing the links between family constructs and academic achievement, several hypotheses for country differences are discussed.
Family Constructs
Family members can give children extra resources or compete for them. On the one hand, additional family members who provide extra resources, especially parents, provide more learning opportunities on which children can capitalize to achieve more (resource provider hypothesis; see Figure 1 , middle column; Amato, 2001; Entwisle & Alexander, 1995; Horvat, Weininger, & Lareau, 2003) . Families with more parents typically have higher SES, more educational resources at home (e.g., books), and more parent time to spend with their children (greater parent communication and involvement). In contrast, separated parents have fewer resources and face more challenges in caring for their children, so the children might receive less attention (e.g. from stepparents in blended families). Meanwhile, immigrant parents, especially those that speak a foreign language, likely have less social and cultural capital to share with their children (e.g., cultural possessions and communication), which limits children's learning opportunities and often their academic achievement (Coleman, 1994; Portes & MacLeod, 1996) .
On the other hand, additional family members who primarily compete for family resources (such as grandparents and siblings) reduce the available resources for a child, often yielding fewer learning opportunities and lower academic achievement (resource dilution hypothesis; see Figure 1, middle column; Downey, 2001) . Some children benefit from affluent grandparents' resources (Bengston, 2001) and show higher achievement (DeLeire & Kalil, 2002) . However, children who live with poor or ill grandparents compete with them for limited family resources (PatilloMcCoy, Kalil, & Payne, 2003) . Furthermore, children with more resident siblings often have fewer resources at home and achieve less than those with fewer resident siblings (Downey, 2001) . Older siblings tend to receive more family resources than do younger siblings because they compete with younger siblings for family resources only after the latter's births (e.g., parental time, energy, and engagement; Powell & Steelman, 1993) . Hence, parents are often resource providers, whereas resident grandparents and siblings often compete for family resources, thereby diluting their impact.
Country Resources and Cultural Values
Country properties such as average income, income inequality, and cultural values might also be linked to student achievement indirectly via family constructs. Students in countries with higher real gross domestic product (GDP) per capita generally show higher academic achievement (see Figure 1 , left column; Baker, Goesling, & Letendre, 2002; Heyneman & Loxley, 1983) . Wealthier countries can raise student achievement directly through education spending (e.g., books, teacher training, better curricula) or indirectly through higher nutritional standards or better health care (UNICEF, 2001) . Apart from the amount of resources, overall student achievement might be linked to the distribution of those resources, as a result of diminishing marginal returns or homophily. For many resources, additional identical items are worth less than the initial items (diminishing marginal returns). Hence, an extra $100 in books likely improves a poor student's reading score more than a rich student's reading score. In countries with greater equality of household incomes (lower GINI), poorer students have more resources and benefit more from them, resulting in higher education outcomes overall (Chiu & Khoo, 2005) . As people prefer to interact with others of similar socioeconomic status (homophily; McPherson, Smith-Lovin, & Cook 2001) , greater income equality within a country might also encourage greater cooperation among students, resulting in higher overall academic performance.
In wealthier countries, the links between family variables and student achievement might be weaker, similar, or stronger, thereby yielding three hypotheses: public resources substitution, social reproduction, and complementary intangibles. Wealthier countries might provide more public resources (e.g., school teachers, library books) that can substitute for family resources (Blossfeld & Shavit, 1993; Schiller, Khmelkov & Wang, 2002) , thereby weakening the link between family resources and student achievement (public resources substitution hypothesis). However, high-SES families might use their superior resources to create other advantages for their children (e.g., hiring admissions coaches for their children's college applications), resulting in similar links between family variables and achievement across poor and wealthy countries (social reproduction hypothesis; Baker et al, 2002; Blossfeld & Shavit, 1993) . Lastly, the widespread availability of physical resources (such as public libraries and museums) might increase the value of less tangible resources (such as parent time and attention). For example, a child benefits from reading an extra book, but that benefit can be substantially magnified by discussing the book with a parent. Thus, parental involvement and other intangible family resources might be more strongly linked to academic outcomes in richer countries (complementary intangibles hypothesis).
Countries differ not only by income and income inequality but also by how they address basic societal issues, which result in different cultural values (Schwartz & Ros, 1995) . Consider two basic societal issues: (a) inducing responsible individual behavior and (b) prioritizing the interests of individuals versus groups. To encourage responsible behavior, a society might assign hierarchical roles and teach its citizens to obey authority (hierarchical). Alternatively, citizens might learn to view, value, and act toward one another as equals on the basis of their common humanity (egalitarian). Likewise, a society may favor group interests (collective) or individual interests (individualist).
These cultural values might be linked to students' behaviors and subsequent learning. Nations with more egalitarian cultures might promote close relationships among students and reduce status differences, both of which are linked to student achievement (see Figure 1 , left column; e.g., Ames & Ames, 1985; E. G. Cohen, 1994) . As egalitarian societies have less rigid societal status, individuals have greater economic and social mobility through their individual skills and talents (Hofstede, 2003) . Thus, students might view academic achievement as more linked to future success, which might yield higher achievement scores. Furthermore, students might be more motivated to make better use of their resources in egalitarian societies, yielding stronger links between student achievement and family constructs (egalitarian motivation hypothesis). Older siblings (-) Figure 1 . Model of country and family effects on students' science achievement. GDP ϭ gross domestic product; GINI ϭ equality of household incomes.
Meanwhile, students in collective societies might be more inclined to cooperate, support, and learn from one another, thereby enhancing their academic achievement (see Figure 1 , left column). In more collective societies, people tend to rely more on their extended family members who often live nearby, and thus students are more likely to benefit from them (Georgas et al., 2001; Hofstede, 2003) . As extended family resources dilute the effects of immediate family resources in collective societies, the link between immediate family resources and academic achievement might be weaker (collective dilution hypothesis).
In short, this study examined the links between family constructs and science achievement and how these links might differ across economic and cultural contexts (see Figure 1 ). Four sets of hypotheses (resource providers, resource dilution, country resources, and cultural values) were tested (see Table 1 ). This study addressed these issues through analyses of science test scores and questionnaire responses of 107,834 fifteen-year-old students in 41 countries.
Method

Data
The Organization for Economic Cooperation and Development (OECD) consists of countries sharing the principles of a market economy, pluralist democracy, and respect for human rights. OECD initiated a study, the Program for International Student Assessment (PISA), to help participating countries evaluate and improve their school systems. In this study, OECD assessed 107,834 fifteen-year-olds' science skills and asked them to fill out questionnaires. Written informed consent was obtained from each student or student's parent.
International experts from 28 participating OECD countries defined science literacy, built assessment frameworks, created test items, forward-translated and backwardtranslated these items, and pilot-tested these items to ensure their validity and reliability (for details, including reliability and validity tests, see OECD, 2002) . Fifteen non-OECD countries joined the study within two years. Canada and Japan had country-wide missing data, so they were not included in this analysis. The following countries participated: Albania, Argentina, Australia, Austria, Belgium, Bulgaria, Brazil, Chile, Czech Republic, Germany, Denmark, Finland, France, Greece, Holland, Hong Kong, Hungary, Iceland, Indonesia, Ireland, Israel, Italy, Korea, Latvia, Liechtenstein, Luxembourg, FYR Macedonia, Mexico, Norway, New Zealand, Peru, Poland, Portugal, Romania, Russian Federation, Spain, Sweden, Switzerland, Thailand, United Kingdom, and the United States.
These experts defined science literacy as the ability to understand, use, and reflect on science concepts to achieve one's goals, develop one's knowledge and potential, and participate effectively in society. Example assessment items are available at the PISA Website (http://pisa-sq.acer .edu.au/). Each participating student completed a 2-hr assessment booklet and a 30-to 40-minute questionnaire (for questionnaire items, see OECD, 2002) . Students responded to questions on family structure, SES, immigrant status, possessions at home, and communication at home. Three additional data sets were also used: economic data from OECD (2000), and cultural values data from Hofstede (2003) and Inglehart, Basanez, Diez-Medrano, Halman, and Luijkx (2004) . See Table 2 for variable descriptions and summary statistics.
Methodological Design
Investigating these research questions across many countries and schools requires representative sampling of 15-year-olds, precise tests and questionnaire items for data collection, and suitable statistical models of the relationships within the data. To represent a broad spectrum of Remedial course variables at the student level (Baseline ϭ no remedial courses, 77%)
Some remediation 1 ϭ Some remedial courses in school (18%). These variables are rough proxies of past achievement.
Much remediation 1 ϭ Many remedial courses in school (5%).
Country-level variables
Log GDP per capita 9.10 0.61 Minimum ϭ 7.63, maximum ϭ 9.90 (Heston, Summers, & Aten, 2002) . We also tested linear GDP per capita, but it did not fit the data as well.
GDP GINI (inequality)
35.17 8.42 GINI is a measure of inequality. Its scores range from 0 (perfect equality; everyone has exactly the same income) to 100 (perfect inequality, where one person has all the income, and everyone else's income is zero). Minimum ϭ 24.4; maximum ϭ 59.1 (World Bank, 2004 (2002) . These students were then given precise tests and questionnaires. Traditional tests that cover a lot of science content are often very long, resulting in student fatigue and learning effects. To reduce these effects and to maximize evaluative precision, OECD (2002) used a balanced incomplete block (BIB) test. In a BIB test, each student answers only a subset of questions from the overall test (Lord, 1980) . Because each pair of subtests shared overlapping questions, OECD (2002) analyzed the test scores by fitting a graded response Rasch model to the BIB data. The Rasch model estimated the difficulty of each item and the achievement score of each student on the basis of the subtest responses (adjusting for the difficulty of each test item and after calibrating all test items, Lord, 1980) . In addition to multiple-choice questions, the test included open-ended questions, so partial credit was captured by the graded response model (Samejima, 1969) .
Like the test, the questionnaire should also maximize precision. Using one question with a limited number of possible responses (e.g., yes/no, Likert scale) to measure an underlying theoretical construct often results in large measurement error. To minimize this error, OECD (2002) included multiple measures for each construct and computed a single value from these measures with a Rasch model (Warm, 1989) . This method is more precise than the traditional method of summing the response values of multiple measures (Rowe & Rowe, 1997) .
To model the relationships in this nested data (students within schools within countries), multilevel analyses were used (Goldstein, 1995 ; also called hierarchical linear modeling [HLM], Bryk & Raudenbush, 1992) . In comparison with ordinary least squares regressions, multilevel models estimate more precisely the standard errors of regression coefficients in nested data.
Because students did not respond to all questionnaire items, there were missing data (5%) that could reduce estimation efficiency, complicate data analyses, and bias results (Rubin, 1996) . Markov Chain Monte Carlo multiple imputation addressed these problems more effectively than other approaches (such as deletion, mean substitution, and simple imputation; Rubin, 1996) .
Analysis
The students' science scores were modeled with multilevel analyses via MLn software (Rasbash & Woodhouse, 1995) . Multi-level models separate unexplained error into student (Level 1), school (Level 2), and country (Level 3) components, thereby removing the correlation among error terms resulting from students nested within schools within countries. As the variance components model showed significant variance at all three levels, a three-level model was needed.
Students' science scores were modeled with sequential sets of variables (also known as hierarchical sets: J. Cohen, West, Aiken, & Cohen, 2003) to estimate the variance explained by each set (see mathematics equations in the Appendix). First, proxies were used to capture past student achievement. Country variables could affect family variables, which in turn might affect achievement. Hence, the variables were entered in this order: past achievement variables, country variables, and family variables. The past achievement variables were the following: "enrolled in some remedial courses in school" and "enrolled in many remedial courses in school." Self-reported attendance in remedial courses served as a coarse proxy for past achievement to enable an analysis of learning (rather than only achievement). Next, country-level variables were added: log GDP per capita, GDP GINI, percentage of a country's GDP spent on public schools, individualism, and egalitarianism. (Note that log GDP per capita fits the data better than does linear GDP per capita, as in other cross-country studies, such as Baker et al., 2002) . Next, family structure variables and gender were entered: living with no parents, living with a single parent, blended families, SES, first-generation immigrant, second-generation immigrant, foreign language spoken at home, resident grandparent, number of siblings, birth order, and gender. Lastly, family process variables were entered: number of books at home, cultural possessions, and cultural communication.
The significance of each set of predictors was tested with a nested hypothesis test (chi-square log likelihood; J. Cohen et al., 2003) . Next, interaction effects among pairs of significant variables were modeled. If the predictors' effects differed across countries, these differences were modeled with the above country variables.
An alpha level of .05 was used for all statistical tests. Doing many tests on one set of data increases the likelihood of a spurious correlation. This likelihood is reduced by adjusting the alpha level based on the number of predictors through Hochberg's (1988) variation on Holm's (1979) method.
Results
This sample included a variety of countries. They ranged from poor, unequal, hierarchical, collective nations (e.g., Indonesia) to wealthy, equal, egalitarian, individualistic ones (e.g., Switzerland). See Table 2 for summary statistics (see supplemental data online, Table A1 for correlationvariance-covariance matrices).
Explanatory Model
Country and family variables accounted for some of the differences in students' science scores (see Table 3 ). Students' science scores varied substantially at the student level (52% of the variance), at the school level (26%), and at the country level (22%). None of the effects discussed below differed significantly across schools within a country. All results discussed below describe first entry into the regression, controlling for all previously included variables. Ancillary regressions and statistical tests are available upon request.
Past achievement. Students who attended some or many remedial courses in school scored 31 or 34 points lower in science, respectively, than did other students (Table 3, Model 1).
Countries' economies and cultural values. Controlling for past achievement, science scores were linked to economic conditions but not cultural values. Students in richer countries scored higher than those in other countries. If a country's GDP per capita exceeded that of another country by 10%, the former country's students averaged 5 points higher in science than those in the latter country did, 5 ϭ ln(1 ϩ 10%) ϫ 52.97; log variable computation, ln(1 ϩ 10%) ϫ b; Table 3 , Model 1). Log GDP per capita accounted for 60% of the differences in science scores between countries.
Students in countries with more income equality scored higher than those in countries with less equal incomes. If a country's GINI exceeded that of another country by 10% (more unequal), the more unequal country's students averaged 4 points lower in science compared with the latter country's students (Ϫ4 ϭ Ϫ1.74 ϫ 8.42 ϫ [10% / 34%]; Table 3 , Model 1), consistent with diminishing marginal returns or homophily. Meanwhile, cultural values were not significantly linked to science scores. Past achievement and country variables accounted for 16% of the variance in students' science scores. Note. Model 1 includes remedial courses as a proxy for past achievement and country-level variables. Model 2 also includes family structure variables, family socioeconomic status, significant interaction effects with country variables, and gender. Model 3 also includes family process variables (investment in books and cultural possessions, and family conversations about culture). GDP ϭ gross domestic product; GINI ϭ inequality of household incomes; SES ϭ socioeconomic status. * p Ͻ .05. ** p Ͻ .01. *** p Ͻ .001.
Family constructs and gender. Controlling for each country's economic conditions and cultural values, the results supported both the resource provider and the resource dilution hypotheses. Children had higher science scores if they lived with more parents, lived in higher SES families, or were native born. Children with two parents averaged 17 points higher than those living without parents, 5 points higher than those with single parents, and 5 points higher than those in blended families (Table 3 , Model 2). Students averaged 5 points higher with an extra 10% increase in their family SES. First-and second-generation immigrant students averaged 21 and 8 points lower in science, respectively, compared with other students (Table 3 , Model 2). Students speaking a different language at home than at school averaged 17 points lower in science than did other students (Table 3 , Model 2).
In contrast, children had lower science scores if they lived with their grandparents, had more siblings, or had older siblings. All of these results support the resource dilution hypothesis. Children living without grandparents averaged 14 points higher in science than those living with grandparents (Table 3 , Model 2). Children with more siblings scored lower, averaging 4 points lower in science per extra sibling (Table 3 , Model 2). Students who were born earlier tended to score higher (Table 3 , Model 2). These results support the view that additional competition for resources is linked to lower science scores. Also, boys outscored girls by 5 points in science (Table 3 , Model 2). Family structure and family SES account for an additional 8% of the variance in science scores.
Controlling for family structure and family SES, the family process results also support the resource provider hypothesis. Students had higher science scores if their homes had more books, more cultural possessions, or more cultural communication (Table 3 , Model 3). Students with an extra 10% of cultural possessions in their homes scored 1 point higher on average. Furthermore, students with an extra 10% of cultural communication with their parents averaged 2 points higher. All of these family results support the view that extra family resources are linked to higher science scores. Family processes account for an additional 5% of the variance in science scores.
Country properties moderate family-achievement links. The results supported the social reproduction and complementary intangibles hypotheses. Most of the links between students' science achievement and family variables showed no significant differences, supporting the social reproduction hypothesis (Table 3 , Models 2 and 3). In richer countries, science scores had stronger negative links to blended families and to number of siblings (Table 3 , Model 2). Furthermore, the positive link between cultural communication and science scores was also stronger in richer countries (Table 3 , Model 3). These last three results support the view that intangible resources are more strongly linked to student achievement in richer countries. No family variable had a significantly weaker effect in richer countries. Hence, the results do not support the public resources substitution hypothesis (Table 3 , Models 2 and 3).
In addition to economic properties, a country's cultural values also moderated the links between family constructs and science scores. Specifically, the results supported both the egalitarian motivation and collective dilution hypotheses. In countries with stronger egalitarian values, science scores were more positively linked to family SES and number of books at home (Table 3 , Models 2 and 3). These results support the view that students value academic achievement more in countries with more egalitarian values. The results of the interaction terms between individualism and family variables support the collective dilution hypothesis. In countries with stronger individualistic cultural values, students' science scores had stronger negative links to living with a single parent or living with more siblings (Table 3 , Model 2). Likewise, in more individualistic countries, science scores had stronger positive links to family SES and to resident grandparents (Table 3 , Model 2). These results are consistent with the view that extended family members are more likely to share resources, thereby reducing the effects of the student's immediate family.
Discussion
Researchers have shown that many family constructs are linked to academic achievement (Amato, 2001; Entwisle & Alexander, 1995; Horvat, Weininger, & Lareau, 2003) . This study extended past research by showing that country properties were linked to academic achievement and moderated the links between family constructs and academic achievement. See hypotheses in Figure 1 and Table 1 .
Family Constructs
This study showed that family constructs were linked to science achievement in many countries. Specifically, the results generally supported the resource provider and resource dilution hypotheses. Overall, children had higher science scores if they lived in families with two parents, had higher family SES, were native born, had more books, had more cultural possessions, or had more cultural communication at home. These results showed that children in families with more resources had more learning opportunities on which they often capitalized to attain higher academic achievement, supporting the resource provider hypothesis. Meanwhile, children had lower science scores if they lived with grandparents, had more siblings, or had older siblings. These results suggest that additional family members who competed for limited family resources reduced a child's learning opportunities and academic achievement, supporting the resource dilution hypothesis. The empirical support for these two hypotheses shows that students in privileged families have substantial advantages over other students.
Country and School Differences
Although the results generally supported the resource provider and resource dilution hypotheses, the results were not universal. Instead, the results differed across countries both economically and culturally. Students scored higher in countries with greater incomes or more equal incomes, showing that total resources and equal distribution of resources were both important. Also, the size of the links between family constructs and science scores differed across countries with respect to GDP per capita and cultural values. Specifically, the results supported the social reproduction and complementary intangibles hypotheses over the public resources substitution hypothesis. The links between most family variables and science score did not differ significantly across richer and poorer countries, suggesting that high SES families used their superior resources for their children's academic advantage despite the extra public resources in richer countries (social reproduction hypothesis). Regardless of a country's economic condition, students in privileged families had higher science scores. Meanwhile, the links between science scores and blended families, number of siblings, and cultural communication were stronger in richer countries, supporting the view that widespread availability of public physical resources (e.g., books) increased the value of less tangible family resources for learning (complementary intangibles hypothesis).
Cultural values did not directly affect students' science scores, but they moderated the links between family constructs and science achievement. In more egalitarian cultures, science scores were more positively linked to family SES and number of books at home. This is consistent with the hypothesis that in egalitarian cultures with less rigid societal statuses, students viewed academic achievement as more strongly linked to future success, and were more motivated to better utilize family resources (SES, books; egalitarian motivation hypothesis).
Also, single parents, family SES, resident grandparents, and birth order were all less negatively linked to science scores in more collectivist cultures. As people in collective societies tended to rely more on their extended family members who often live nearby, students were more likely to benefit from them, diluting the link between immediate family constructs and academic achievement (collective dilution). Collective dilution might not apply as much to students living without parents, students living in blended families, or nonresident grandparents. Many of the students living without parents lived alone or with friends, so they might not have access to extended family members. Meanwhile, extended family members might believe that blended families, with two parents, require less assistance than those with a single parent.
Selection bias might also contribute to different links between resident grandparents and science achievement across cultures. If resident grandparents in more individualistic cultures are often poorer or sicker than nonresident grandparents, they require more family resources, thereby diluting family resources and lowering student achievement. If so, the results might differ for highly involved, nonresident grandparents.
Within a country, the links between family constructs and student achievement did not differ much. This result is consistent with the literature showing that the shared culture of a country is more important than that of local institutions such as schools, churches, and corporations (Hofstede, Neuijen, Ohayv, & Sanders, 1990; Inglehart & Baker, 2000) . Specifically, the result suggests that interactions between schools and families are too weak to influence family interactions that are linked to student achievement.
Trends Across Countries
These cross-sectional differences across countries suggest several possible trends as countries develop over time. Higher GDP per capita was correlated with several family constructs (see Supplemental Data online, Table A1 , fourth column). In richer countries, fewer children live with no parents. As more elderly people in richer countries can afford their own housing, students are less likely to live with their grandparents (United Nations, 2003) . Also, parents in wealthier countries often have fewer children, so students often have fewer siblings (Schultz, 1997) . Thus, students in wealthier countries likely face less resource dilution. As economies grow, families often become both wealthier and more educated. As a result, children in wealthier countries often receive more educational resources, have more learning opportunities, and achieve more.
Still, some trends in wealthier countries are disturbing. For example, wealthier countries have higher divorce rates, yielding more single parents and blended families (United Nations, 2003) . In wealthier countries, children in these families have lower academic achievement than those in traditional two-parent families. These children score lower in part because they have fewer intangible family resources (such as parent time and cultural communication), which are more important to science achievement in richer countries.
As countries develop economically, their cultural values also change, typically becoming more egalitarian and individualistic (barring wars or natural catastrophes; Inglehart & Baker, 2000) . The results suggest that as countries become more egalitarian, family constructs also become more important to science achievement, specifically, family SES and number of books at home. Likewise, as countries become more individualistic, immediate family constructs also become more important, specifically, single parents, family SES, resident grandparents, and birth order. In short, the results suggest that family constructs become more important to academic achievement as countries develop both economically and culturally, thereby raising the importance of supporting students with fewer family resources in these countries.
Limitations and Future Research
This study had some limitations. First, the students sampled were not fully representative of all 15-year-olds. For example, students with very low achievement levels or very poor children might not attend school (e.g., UNICEF, 2001) . Second, this correlational study does not warrant causal interpretations. Third, the reliabilities of cultural possessions and cultural communication are low, so results involving these two measures should be interpreted cautiously. Fourth, the cross-sectional data on 15-year-old students in this study does not address developmental effects. Fifth, the data did not include measures of family process quality (e.g., authoritative vs. authoritarian parenting styles) and thus cannot address how the quality of family processes was linked to science achievement. Sixth, the absence of other possibly relevant variables might result in omitted variable bias. In addition to the above issues, future research can also address the links between academic achievement and schoolmates' family structures and processes as well as school or neighborhood contexts.
